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(54) POWER TRANSMISSION CHAIN

(57) The invention provides a power transmission
chain in which abnormal noise can be reduced.

In a link, a front through hole 7 and a rear through
hole 8 aligned in a chain traveling direction X are provid-
ed. A pillar portion 9is provided between the front through
hole 7 and the rear through hole 8. Projecting portions
26, 29 are provided at a central portion in a height direc-
tion V of the pillar portion 9, and concave curve portions
27, 28, 30, 31 are provided at both end portions. A pair
of flat portions (33,34 and 38,39) are provided on each
projection portion 26,29 for restricting an overshoot of
the chain. A not-shown pin that is loosely fitted to each
of the front through hole 7 and the rear through hole 8 is
brought into abutment with corresponding flat portions
27,28,30,31 to restrict an overshoot of the chain 1.
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Description
Technical Field

[0001] The presentinvention relates to a power trans-
mission chain.

Background Art

[0002] In endless power transmission chains for use
in continuously variable pulley transmissions (CVT: Con-
tinuously Variable Transmission) for motor vehicles,
thereis, forexample, a power transmission chainin which
links lying adjacent in a chain traveling direction are con-
nected by pins and inter-pieces which can move in an
oscillating fashion relative to each other (for example,
refer to Patent Document 1).

In the links according to Patent Document 1, a pair of
through holes is formed which is arranged in the chain
traveling direction, and a pillar portion is provided be-
tween the pair of through holes. A pin is fixedly press
fitted while an inter-piece is loosely fitted in one of the
through holes and a pin is loosely fitted while an inter-
piece is fixedly press fitted in the other through hole. The
pin and the inter-piece which are loosely fitted in the cor-
responding through holes are disposed on sides of the
corresponding through holes which face the pillar portion.
[0003] The pin and the inter-piece which are fitted in
the same through hole make an oscillating motion relative
to each other as the adjacent links turn relative to each
other. The turning of the adjacent links is restricted to a
predetermined angle by the pin and inter-piece which are
loosely fitted in the corresponding through holes being
brought into abutment with the pillar portions.

Patent Document 1: JP-A-2006-226451
Disclosure of the Invention
Problem that the Invention is to Solve

[0004] In the power transmission chain described in
Patent Document 1 above, however, there is a fear that
abnormal noise is generated when the turning between
the adjacent links is restricted. Namely, when the turning
of the adjacent links is restricted, the pin and inter-piece
which are loosely fitted in the corresponding through
holes come to collide with the pillar portion, causing a
fear that abnormal noise is generated by the collision.
The invention has been made in these background situ-
ations, and an object thereof is to provide a power trans-
mission chain which can reduce such abnormal noise.
Means for Solving the Problem

[0005] With a view to attaining the object, according to
the invention, there is provided a power transmission
chain (1, 101) comprising a plurality of links (2, 102a,
102b) and a plurality of connecting members (3) for con-
necting these links so that the links turn relative to each
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other, wherein each connecting member includes a first
power transmission member (10) having pulley engaging
power transmission portions (16a, 17a) at a pair of end
portions (16, 17), respectively, and a second power trans-
mission member (11) which makes a pair with the first
power transmission member, each link includes first and
second through holes (7, 8) which are aligned in a chain
traveling direction (X), a first power transmission member
is fitted so that a relative movement is enabled while a
second power transmission member is fitted so that a
relative movement is restricted in the first through hole
and a first power transmission member is fitted so that a
relative movement is restricted while a second power
transmission member is fitted so that a relative move-
ment is enabled in the second through hole, each of a
pair of side portions (24, 25, 124, 125) of a pillar portion
(9, 109) which separates the first and second through
holes from each other in each link includes a projecting
portion (26, 29, 126, 129) which projects towards the cor-
responding through hole side at a central portion in a
height direction (V) of the pillar portion and a pair of con-
cave curve portions (27, 28, 30, 31, 127, 128, 130, 131)
which is disposed so as to hold therebetween the pro-
jecting portion with respect to the height direction of the
pillar portion, and a flat portion (33, 34, 38, 39) is formed
on each of a pair of inclined surfaces (32, 37) which hold
therebetween an apex portion (26a, 29a) of the projecting
portion on each side portion of the pillar portion so as to
be brought into abutment with a corresponding surface
(13a, 13b, 18a, 18b) of the corresponding power trans-
mission member when a turning angle between the links
is restricted, the flat portion and the concave curve portion
being connected by a convexly curved portion (35, 36,
40, 41).

[0006] According to the invention, the turning between
the links is restricted by the first and second power trans-
mission members being brought into abutment with their
corresponding flat portions. Since the flat portion is pro-
vided in proximity to the central portion in the height di-
rection of the pillar portion, a shock resulting when each
power transmission member comes into forcible contact
with the flat portion can be reduced. By doing so, abnor-
mal noise generated when the turning between the links
is restricted can be reduced. In addition, the weight of
the link can be reduced by providing the pair of concave
curve portions on both sides of the projecting portion
which hold it with respect to the height direction of the
pillar portion, and the weight of the power transmission
chain can eventually be reduced.

[0007] In addition, the plurality of links include a long-
pitch link (102b) having a relatively long connecting pitch
(P) and a short-pitch link (102a) having a relatively short
connecting pitch, and radii of curvature (R5 to R8) of con-
cave curve portions of a pillar portion of the long-pitch
link may be made smaller than radii of curvature (R1 to
R4) of concave curve portions of a pillar portion of the
short-pitch link.

As this occurs, since the radii of curvature of the concave
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curve portions of the long-pitch link differs from those of
the concave curve portions of the short-pitch link, the
long-pitch link and the short-pitch link can visually iden-
tified based on the difference in size of the concave curve
portions. By doing so, for example, an erroneous assem-
blage can be prevented in which the short-pitch link is
disposed in a position where the long-pitch link is to be
disposed. In addition, the long-pitch link can be made
lighter in weight than the short-pitch link by making the
radii of curvature of the concave curve portions in relation
to the long-pitch link smaller than the radii of curvature
of the concave curve portions in relation to the short-pitch
link.

[0008] Note that in what has been described above,
although numbers in the parentheses represent refer-
ence numerals denoting corresponding constituent ele-
ments in an embodiment that will be described later, there
is no intention to limit the scope of claims by these ref-
erence numerals.

Advantage of the Invention

[0009] According to the invention, the turning between
the links is restricted by the first and second transmission
members being brought into abutment with their corre-
sponding flat portions. The power transmission chain has
an advantage of reducing a shock that would otherwise
be generated when the respective power transmission
members come into forcible contact with their corre-
sponding flat portions because the flat portions are pro-
vided only in proximity to the central portion in the vertical
direction of the pillar portion. By doing so, abnormal noise
generated when the turning between the links is restrict-
ed can be reduced. In addition, the weight of the link can
be reduced by providing the pair of concave curve por-
tions on both the sides of the projecting portion which
hold it therebetween with respect to the height direction
of the pillar portion, and hence, the weight of the power
transmission chain can eventually be reduced.

Brief Description of the Drawings
[0010]

[Fig. 1] A perspective view showing exemplarily the
configuration of a main part of a continuously varia-
ble chain transmission as a power transmission sys-
tem including a power transmission chain according
to an embodiment of the invention.

[Fig. 2] A sectional view of a drive pulley (a driven
pulley) and part of the power transmission chain.
[Fig. 3] A sectional view of a main part of the chain.
[Fig. 4] Sectional views taken along the line V-1V in
Fig. 3.

[Fig. 5] An enlarged view of a pillar portion of a link.
[Fig. 6] An enlarged view of part of Fig. 5.

[Fig. 7] A sectional view of a main part of a chain
according to a different embodiment of the invention.
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[Fig. 8] Plan views of a short-pitch link and a long-
pitch link which make up the chain according to the
different embodiment of the invention.

Best Mode for Carrying out the Invention

[0011] Hereinafter, referring to the drawings, embodi-
ments of the invention will be described specifically.
Fig. 1is a perspective view showing exemplarily the con-
figuration of a main part of a continuously variable chain
transmission 100 as a power transmission system includ-
ing a power transmission chain 1 according to an em-
bodiment of the invention. In addition, Fig. 2 is a sectional
view of a drive pulley 60 (a driven pulley 70) and part of
the power transmission chain 1. In Fig. 1, part of the pow-
er transmission chain 1 is shown in section.

[0012] Referring to Fig. 1, the continuously variable
chain transmission 100 (hereinafter, also referred to sim-
ply as a "continuously variable transmission 100") is such
as to be installed in a vehicle such as a motor vehicle
and includes a drive pulley 60 as a first pulley which is
made of a metal (a construction steel or the like), a driven
pulley 70 as a second pulley which is made of a metal (a
construction steel or the like), and an endless power
transmission chain 1 (hereinafter, also referred to simply
as a "chain 1") which is wound round and extended be-
tween both the pulleys 60, 70.

[0013] Referring to Figs. 1 and 2, the drive pulley 60
is mounted integrally rotatably on an input shaft 61 which
is continuously stretched to a drive source (not shown)
ofthe vehicle so as to transmit power thereof and includes
a fixed half pulley 62 and a movable half pulley 63. The
fixed half pulley 62 and the movable half pulley 63 have
individually half pulley surfaces 62a, 63a which make a
pair and confront each other. The respective half pulley
surfaces 62a, 63a each include a conically inclined sur-
face, and a groove is defined between the half pulley
surfaces 62a, 63a. The chain 1 is held under strong pres-
sure by the pair of half pulley surfaces 62a, 63a in the
groove.

[0014] In addition, a hydraulic actuator (not shown) is
connected to the movable half pulley 63 for changing a
width of the groove. The hydraulic actuator is designed
to move the movable pulley half 63 in an axial direction
(a left-right direction in Fig. 2) of the input shaft 61 to
change the width of the groove when changing speeds
of the continuously variable transmission 100. The chain
1is moved in a radial direction (a vertical direction in Fig.
2) of the input shaft 61 by so changing the width of the
groove so as to change an effective diameter of the drive
pulley60 with respect to the chain 1 (hereinafter, also
referred to as an "effective radius of the drive pulley 60").
[0015] On the other hand, the driven pulley 70 is
mounted integrally rotatably on an output shaft 71 which
is continuously stretched to drive wheels (not shown) so
as to transmit the power thereto as is shown in Figs.1
and 2. The driven pulley 70 includes a fixed half pulley
72 and a movable half pulley 73 which have individually
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half pulley surfaces 72a, 73a which make a pair. A groove
is defined between these half pulley surfaces 72a, 73a,
and the chain 1 is held under strong pressure by the pair
of half pulley surfaces 72a, 73a in the groove.

[0016] The movable half pulley 73 of the driven pulley
70 is connected to a hydraulic actuator (not shown) in a
similar way to the way in which the movable half pulley
63 is. The hydraulic actuator is designed to change a
width of the groove to thereby move the chain 1 in aradial
direction (a vertical direction in Fig. 2) of the output shaft
71 so as to change an effective diameter of the driven
pulley 70 with respect to the chain 1 (hereinafter, also
referred to as an "effective radius of the driven pulley 70")
when changing speeds of the continuously variable
transmission 100.

[0017] When a speed reduction ratio of the continu-
ously variable transmission 100 is the highest (at the time
of driving with a speed of the input shaft being faster than
that of the output shaft or under-drive), the effective ra-
dius of the drive pulley 60 is the least, while the effective
radius of the driven pulley 70 is the largest. On the other
hand, when a speed increase of the continuously variable
transmission 100 is the highest (at the time of overdrive),
the effective radius of the drive pulley 60 is the largest,
while the effective radius of the driven pulley 70 is the
least.

Fig. 3 is a sectional view of a main part of the chain 1. In
addition, Fig. 4 shows sectional views of the chain taken
along the line IV-IV in Fig. 3. Fig. 3 shows a straight-line
area of the chain 1. In Fig. 4(a) shows a state in which a
turning of the chain | towards a positive side (a designed
turning direction of the chain 1) becomes the largest in
design and (b) shows a state in which a turning of the
chain | towards a negative side (an opposite direction to
the designed turning direction of the chain 1) becomes
the largest in design.

[0018] Referring to Figs. 3 and 4, the chain | includes
a plurality of links 2 and a plurality of connecting members
3 which connect the links 2 so as to turn relative to each
other. Hereinafter, a direction extending along a traveling
direction of the chain | is referred to as a chain traveling
direction X, a direction which is vertical to the chain
traveling direction X and which extends along a longitu-
dinal direction of the connecting member is referred to
as a chain width direction W, and a direction which is
vertical to both the chain traveling direction X and the
chain width direction W is referred to as a vertical direc-
tion V.

[0019] Each link 2 is a plate-like member of a steel
plate which is formed generally into a rectangular shape.
The links 2 are arranged to be aligned in the chain
traveling direction X while being aligned side by side in
the chain width direction W to thereby form a plurality of
rows of links. The links 2 which lie adjacent in the chain
traveling direction X are connected together by the con-
necting member3 so as to turn relative to each other. In
this embodiment, links of the same kind (short-pitch links,
which will be described later) are used as the respective
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links 2, and respective shapes of the links 2 are made
substantially the same. In addition, an outer circumfer-
ential shape of each link 2 is formed by a smooth curvi-
linear line, which is a shape making difficult the occur-
rence of stress concentration.

[0020] As is shown in Fig. 4, each link 2 includes a
front end portion 4 and a rear end portion 5 which are
aligned at the frontand rear in the chain traveling direction
X, as well as an intermediate portion 6 which is disposed
between the front end portion 4 and the rear end portion
5. A front through hole 7 is formed as a first through hole
at the front end portion 4, and a rear through hole 8 is
formed as a second through hole at the rear end portion
5. The front through hole 7 and the rear through hole 8
are aligned at the front and rear in the chain traveling
direction X. In addition, the intermediate portion 6 has a
pillar portion 9 which separates the front through hole 7
and the rear through hole 8 from each other. This pillar
portion 9 has a predetermined thickness in the chain
traveling direction X.

[0021] AsisshowninFig.3,inlinks 2 which lie adjacent
in the chain traveling direction X, a front through hole 7
in a link 2 lying relatively rearwards in the chain traveling
direction X and a rear through hole 8 in a link 2 lying
relatively forwards in the chain traveling direction X are
aligned side by side in the chain width direction W so as
to correspond. The links 2 which lie adjacent in the chain
traveling direction X are connected together so as to turn
relative to each other by a connecting member 3 which
extends through the corresponding through holes 7, 8.
By dosing so, the chain 1 is formed which has an endless
shape as a whole.

[0022] Each connecting member 3 includes a first pin
10 as a first power transmission member and a second
pin 11 as a second power transmission member which
makes a pair with the first pin 10. These first and second
pins 10, 11 which make the pair are fitted in the same
through hole (the front through hole 7 or the rear through
hole 8) which corresponds, and the second pin 11 is dis-
posed on a front side with respect to the chain traveling
direction X. In addition, the first and second pins 10, 11
which make the pair are designed to be brought into os-
cillating sliding contact with each other as the corre-
sponding links 2 turn relative to each other. The oscillat-
ing sliding contact is referred to as a contact state which
includes atleast one of an oscillating contact and a sliding
contact.

[0023] Referring to Fig. 4, the first pin 10 is a long
(plate-like) member which extends in the chain width di-
rection W. A circumferential surface of the first pin 10
extends parallel to the chain width direction W. The cir-
cumferential surface of the first pin 10 has a front portion
12 as a confronting portion which is oriented forwards in
the chain traveling direction X, a rear portion 13 as a back
portion which is oriented rearwards in the chain traveling
direction X and one end portion 14 and the other end
portion 15 as a pair of end portions which confront in the
vertical direction V.
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[0024] In section the front portion 12 is formed by a
smooth curve and confronts the second pin 11 with which
the first pin 10 makes the pair. The front portion 12 is in
oscillating sliding contact with the second pin 11 ata con-
tact portion T. The front portion 12 can be regarded as a
portion of the first pin 10 which contacts the second pin
11 with which the first pin 10 makes the pair. The rear
portion 13 is formed into a flat plane.

The one end portion 14 makes up an end portion of the
circumferential surface of the first pin 10 which lies at an
end facing a chain outer circumferential side (one of ends
in the vertical direction V) and is formed into a curved
surface which is convexly curved towards the chain outer
circumferential side. In addition, the other end portion 15
makes up an end portion of the circumferential surface
of the first pin 10 which lies at an end facing a chain inner
circumferential side (the other of the ends in the vertical
direction V) and is formed into a curved surface which is
convexly curved towards the chain inner circumferential
side.

[0025] Hereinafter, of the sides in the vertical direction,
the side which is oriented from the one end portion 14
towards the other end portion 15 is referred to as the
chain inner circumferential side, while the side which is
oriented from the other end portion 15 towards the one
end portion 14 is referred to as the chain outer circum-
ferential side.

Referring to Figs. 2 and 3, a pair of end portions 16, 17
with respect to a longitudinal direction (the chain width
direction W) of the first pin 10 project in the chain width
direction W from links 2 which are disposed at a pair of
end portions in the chain width direction W, respectively.
End faces 16a, 17a, which function as power transmis-
sion portions, are provided at the pair of end portions 16,
17, respectively. The pair of end faces 16a, 17a confront
each other with a plane vertical to the chain width direc-
tion W held therebetween and have a symmetrical shape
with each other. These end faces 16a, 17a are intended
to be brought into frictional contact (engagement) with
the corresponding half pulley surfaces 62a, 63a, 72a,
73a of the respective pulleys 60, 70 via a lubricant film.
[0026] The first pin 10 is held between the pair of half
pulley surfaces (the half pulley surface 62a and the half
pulley surface 63a or the half pulley surface 72a and the
half pulley surface 73a), whereby power is transmitted
between the first pulley 10 and each pulley 60, 70. Since
the endfaces 16a, 17a of thefirst pin 10 directly contribute
to the transmission of power, the first pin 10 is formed of
a high strength wear resistant material such as a bearing
steel (SUJ), for example.

[0027] The end faces 16a, 17a of the first pin 10 are
formed into a shape which contains part of a spherical
surface, for example, and are convexly curved outwards
in the chain width direction W. In addition, as is shown
in Fig. 2, the one end portion 14 of the first pin 10 is
formed longer in the chain width direction W (wider) than
the other end portion 15, whereby the end faces 16a, 17a
are oriented towards the chain inner circumferential side.
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When looked at from the chain width direction W, the
positions of apex portions of the end faces 16a, 17a co-
incide with diagrammatic centers of the end faces 16a,
17a.

[0028] Referring to Figs. 3 and 4, the second pin 11
(also referred to as a strip or an inter-piece) is a long
(plate-like) member which is formed of the same material
as that of the first pin 10 and which extends in the chain
width direction W. As is shown in Fig. 3, the second pin
11 is formed shorter than the first pin 10, so that a pair
of end portions thereof is made not to contact the respec-
tive half pulley surfaces 62a, 63a, 72a, 73a of the pulleys
60, 70. The second pin 11 is formed thinner than the first
pin 10 with respect to the chain traveling direction X.
[0029] A circumferential surface of the second pin ex-
tends in the chain width direction W. As is shown in Fig.
4, The circumferential surface of the second pin 11 has
a front portion 18 which is oriented forwards in the chain
traveling direction X, a rear portion 19 as a confronting
portion which is oriented rearwards in the chain traveling
direction X and one end portion 20 and the other end
portion 21 as a pair of end portions with respect to the
vertical direction V.

The rear portion 19 has a flat portion 22. This rear portion
19 confronts the front portion 12 of the first pin 10 with
which the second pin 11 makes the pair and is in oscil-
lating sliding contact with the front portion 12 at the con-
tact portion T. The front portion 18 is formed into a flat
plane which is generally parallel to the flat portion 22 of
the rear portion 19. The one end portion 20 makes up an
end portion of the circumferential surface of the second
pin 11 which lies at an end facing the chain outer circum-
ferential side and is formed into a curved surface which
is convexly curved towards the chain outer circumferen-
tial side. In addition, the other end portion 21 makes up
an end portion of the circumferential surface of the sec-
ond pin 11 which lies at an end facing the chain inner
circumferential side and is formed into a curved surface
which is convexly curved towards the chain inner circum-
ferential side.

[0030] The chain 1 is a chain of a so-called press-fit
type. Specifically, the first pin 10 is loosely fitted in the
front through hole 7 in each link 2 so that a relative move-
ment thereof is permitted and is press fitted in the rear
through hole 8ineach link 2 so that the relative movement
is restricted. In addition, the second pin | 1 is press fitted
in the front through hole 7 in each link 2 so that a relative
movement thereof is restricted and is loosely fitted in the
rear through hole 8 in each link so that the relative move-
ment is permitted.

[0031] In other words, in the front through hole 7 in
each link 2, the first pin is loosely fitted so that the relative
movement thereof is permitted and the second pin 11,
which makes the pair with the first pin 10, is press fitted
so that the relative movement thereof is restricted. In ad-
dition, in the rear through hole 8 in each link 2, the first
pin 10 is pressfitted so that the relative movement thereof
is restricted and the second pin 11, which makes the pair
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with the first pin 10, is loosely fitted so that the relative
movement thereof is permitted.

[0032] By this configuration, the front portion 12 of the
first pin 10 and the rear portion 19 of the second pin 11,
which makes the pair with the first pin 10, are allowed to
be brought into oscillating sliding contact with each other
as the links 2 which lie adjacent in the chain traveling
direction X turn relative to each other.

As is shown in Fig. 3, the chain | has a predetermined
connecting pitch P. The connecting pitch P means a dis-
tance between the adjacent first pins 10, 10 in a straight-
line area of the chain 1. Specifically, the predetermined
connecting pitch P means a distance in the chain
traveling direction X between the contact portion T be-
tween the first and second pins 10, 11 in the front through
hole 7 in the link 2 and the contact portion T between the
first and second pins 10, 11 in the rear through hole 8 in
the same link 2 in the straight-line area of the chain 1.
[0033] Fig. 5is an enlarged view of the pillar portion 2
of the link 2. Referring to Fig. 5, the pillar portion 9 of
each link 2 has a shape which constricts at both end
portions with respect to a height direction (the vertical
direction V) of the pillar portion 9 and swells out at a
central portion thereof. Namely, four concave curve por-
tions 27, 28, 30, 31 are provided at both the end portions,
and two projecting portion 26, 29 are provided at the cen-
tral portion. The pillar portion 9 of each link 2 includes
one side portion 24 which lies on a front through hole 7
side and the other side portion 25 which lies on a rear
through hole 8 side.

[0034] Hereinafter, the shape of the pillar portion 9 will
be described in detail.

The one side portion 24 includes the projecting portion
26 which projects towards the front through hole 7 side
and the upper concave curve portion 27 and the lower
concave curve portion 28 which function as a pair of con-
cave curve portions which is disposed to hold the pro-
jecting portion 26 therebetween with respect to the height
direction of the pillar portion 9.

A sectional shape of the upper concave curve portion 27
has, for example, a predetermined arc-like shape which
is determined by a radius of curvature R1 and a center
angle 061. A curvature center 61 of the sectional shape
of the upper concave curve portion 27 is disposed within
the front through hole 7. In addition, a sectional shape of
the lower concave curve portion 28 has a predetermined
arc-like shape which is determined by a radius of curva-
ture R2 and a center angle 62. A curvature center O2 of
the sectional shape of the lower concave curve portion
28 is disposed within the front through hole 7.

[0035] On the other hand, the other side portion 25 is
formed into a substantially symmetrical shape with the
one side portion 24. Namely, the other side portion 25
includes the projecting portion 29 which projects towards
the rear through hole 8 side and the upper concave curve
portion 30 and the lower concave curve portion 31 which
function as a pair of concave curve portions which is dis-
posed to hold the projecting portion 29 therebetween with
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respect to the height direction of the pillar portion 9.

A sectional shape of the upper concave curve portion 30
has, for example, a predetermined arc-like shape which
is determined by a radius of curvature R3 and a center
angle 03, and a curvature center O3 of the sectional
shape thereof is disposed within the rear through hole 8.
In addition, a sectional shape of the lower concave curve
portion 31 has, for example, a predetermined arc-like
shape which is determined by a radius of curvature R
and a center angle 64. A curvature center O4 thereof is
disposed within the rear through hole 8.

[0036] The radii of curvature R1, R3 of the upper con-
cave curve portions 27, 30 and the radii of curvature R3,
R4 of lower concave curve portions 28, 31 are set to a
smallest value within a range of values which ensures a
lower limit of a strength required for the pillar portion 9.
Namely, degrees of concavity of the upper concave curve
portions 27, 30 and degrees of concavity of the lower
concave curve portions 28, 31 are set to a largest value
within a range of values which ensures the lower limit of
the strength required for the pillar portion 9.

[0037] Theweightofeachlink2isreduced by providing
the concave curve portions 27, 28, 30, 31 at the pillar
portion 9 of the link 2. By dosing so, the weight of the
chain | is reduced. In addition, in the embodiment, since
the radii of curvature R1, R3 of the upper concave curve
portions 27, 30 and the radii of curvature R2, R4 of the
lower concave curve portions 28, 31 are set to the small-
est values within the aforesaid range, the weight of each
link 2 is reduced further.

[0038] On the one side portion 24 of each pillar portion
9, flat portions 33, 34 are formed, respectively, on a pair
of inclined surfaces 32, 32 which hold an apex portion
26a of the projecting portion 26 therebetween which flat
portions 33, 34 are brought into abutment with corre-
sponding surfaces of the corresponding power transmis-
sion member (the first pin 10) when a turning angle be-
tween the links 2 is restricted. Namely, of the pair of in-
clined surfaces 32, 32, the upper flat portion 33 is formed
on the upper inclined surface 32 and the lower flat portion
34 is formed on the lower inclined surface 32. A sectional
shape of the apex portion 26a is formed into, for example,
a predetermined arc-like shape which is determined by
a radius of curvature R11 and a center angle 611. A cur-
vature center O11 of the sectional shape of the apex
portion 26a is disposed within the pillar portion 9.
[0039] On the one side portion 24 of each pillar portion
9, the upper flat portion 33 and the upper concave curve
portion 27 are connected smoothly by an upper convexly
curved portion 35. In addition, on the one side portion 24
of each pillar portion 9, the lower flat portion 34 and the
lower concave curve portion 28 are connected smoothly
by a lower convexly curved portion 36.

A sectional shape of the upper convexly curved portion
35 is formed into, for example, a predetermined arc-like
shape which is determined by a radius of curvature R21
and a center angle 621. A curvature center O21 of the
sectional shape of the upper convexly curved portion 35
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is disposed within the pillar portion 9. In addition, a sec-
tional shape of the lower convexly curved portion 36 is
formed into, for example, a predetermined arc-like shape
which is determined by a radius of curvature R22 and a
centerangle 622. A curvature center 022 of the sectional
shape of the lower convexly curved portion 36 is disposed
within the pillar portion 9.

[0040] On the other hand, on the other side portion 25
of each pillar portion 9, an upper flat portion 38 and a
lower flat portion 39 are formed, respectively, on a pair
of inclined surfaces 37, 37 which hold an apex portion
29a of the projecting portion 29 therebetween which up-
per and lower flat portions 38, 39 are brought into abut-
ment with corresponding surfaces of the corresponding
power transmission member (the second pin 11) when
a turning angle between the links 2 is restricted. A sec-
tional shape of the apex portion 29a is formed into, for
example, a predetermined arc-like shape which is deter-
mined by a radius of curvature R12 and a center angle
012, and a curvature center O12 thereof is disposed with-
in the pillar portion 9.

[0041] On the other side portion 25 of each pillar por-
tion 9, the upper flat portion 38 and the upper concave
curve portion 30 are connected smoothly by an upper
convexly curved portion 40. In addition, on the other side
portion 25 of each pillar portion 9, the lower flat portion
39 and the lower concave curve portion 31 are connected
smoothly by a lower convexly curved portion 41.

A sectional shape of the upper convexly curved portion
40 is formed into, for example, a predetermined arc-like
shape which is determined by a radius of curvature R23
and a center angle 623. A curvature center 023 of the
sectional shape of the upper convexly curved portion 40
is disposed within the pillar portion 9. In addition, a sec-
tional shape of the lower convexly curved portion 41 is
formed into, for example, a predetermined arc-like shape
which is determined by a radius of curvature R24 and a
center angle 624. A curvature center 024 of the sectional
shape of the lower convexly curved portion 41 is disposed
within the pillar portion 9.

[0042] The one side portion 24 of each pillar portion 9
is designed not to interrupt the oscillating motion of the
first pin 10 which is loosely fitted in the front through hole
7 to which the one side portion 24 corresponds (the turn-
ing between the links 2 to which the first pin 10 corre-
sponds). In addition, the other side portion 25 of each
pillar portion 9 is designed not to interrupt the oscillating
motion of the second pin 11 which is loosely fitted in the
rear through hole 8 to which the other side portion 25
corresponds (the turning between the links 2 to which
the second pin 11 corresponds).

In addition, the one side portion 24 of each pillar portion
9 is designed to be brought into contact with the first pin
10 when the turning angle between the links 2 to which
the first pin 10 corresponds reaches a permissible value
(when the turning angle reaches a largest turning angle
in design) so as to restrict a further turning (an overshoot).
Similarly, the other side portion 25 of each pillar portion
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9 is designed to be brought into contact with the second
pin 11 when the turning angle between the links 2 to
which the second pin 11 corresponds reaches a permis-
sible value (when the turning angle reaches a largest
turning angle in design) so as to restrict a further turning
(an overshoot).

[0043] Specifically, as is shown in Fig. 4(a), in such a
state that a turning of the chain | towards the positive
side becomes largest in design, part 13a of the rear por-
tion 13 of the first pin 10 which is loosely fitted in the front
through hole 7, which part functions as the "correspond-
ing surface of the corresponding power transmission
member," is in abutment with the lower flat portion 34 of
the one side portion 24, while part 18a of the front portion
18 of the second pin | which is loosely fitted in the rear
through hole 8, which part functions as the "correspond-
ing surface of the corresponding power transmission
member," is in abutment with the lower flat portion 39 of
the other side portion 25. In such a state in which the
turning of the chain 1 towards the positive side becomes
largest, the turning between the links 2 is restricted by
the pair of lower flat portions 34, 39.

[0044] In addition, as is shown in Fig. 4(b), in such a
state that a turning of the chain | towards the negative
side becomes largest in design, part 13b of the rear por-
tion 13 of the first pin 10 which is loosely fitted in the front
through hole 7, which part functions as the "correspond-
ing surface of the corresponding power transmission
member," is in abutment with the upper flat portion 33 of
the one side portion 24 of each pillar portion 9, while part
18b of the front portion 18 of the second pin 11 which is
loosely fitted in the rear through hole 8, which part func-
tions as the "corresponding surface of the corresponding
power transmission member," is in abutment with the up-
per flat portion 38 of the other side portion 25 of each
pillar portion 9. In such a state in which the turning of the
chain 1 towards the negative side becomes largest, the
turning between the links 2 is restricted by the pair of
upper flat portions 33, 38.

[0045] Inthis embodiment, since the upper flat portions
33, 38 and the lower flat portions 34, 39 are provided
only in proximity to the central portion in the height direc-
tion of the pillar portion 9, shocks resulting when the rear
portion 13 of the first pin 10 and the front portion 18 of
the second pin 11 individually impact the corresponding
flat portions 33, 34, 38, 39 are reduced.

Namely, the parts 18a, 18b of the front portion 18 and
the parts 13a, 13b of the rear portion 13 which function
as the "corresponding surface of the corresponding pow-
er transmission member" constitute portions where a
speed at which the first pin 10 and the second pin 11
move when they make an oscillating motor is slow, and
the shocks can be reduced by bringing these portions
into abutment with the corresponding flat portions 33, 34,
38, 39. By doing so, abnormal noise produced when the
turning between the links 2 is restricted is reduced.
[0046] In addition, in the embodiment, the shocks by
the impact can be absorbed by the pillar portion 9 being
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deflected when the rear portion 13 of the first pin 10 and
the front portion 18 of the second pin 11 impact their
corresponding flat portions 33, 34, 38, 39. Namely, since
the concave curve portions 27, 28, 30, 31 are provided
at the pillar portion 9 of each link 2, the rigidity of the pillar
portion 9 of each link 2 is reduced compared with a pillar
portion where such concave curve portions 27, 28, 30,
31 are not provided. Consequently, the pillar portion 9 is
deflected at portions which correspond to the flat portions
33, 34, 38, 39 when the rear portion of the first pin 10
and the rear portion 18 of the second pin 11 individually
impact their corresponding flat portions 33, 34, 38, 39,
whereby the shocks by the impact can be made to be
absorbed by the pillar portion 9. By doing so, noise pro-
duced when the turning between the links 2 is reduced
further.

[0047] Further, in the embodiment, as has been de-
scribed above, the degree of concavity of the upper con-
cave curve portions 27, 30 and the lower concave curve
portions 28, 31 can be increased by providing the upper
convexly curved portions 35 40 and the lower convexly
curved portions 36, 41.

This will be described by taking the lower convexly curved
portion 41 for example by reference to Fig. 6 showing
part of Fig. 5 in an enlarged fashion. For example, in the
event that the lower flat portion 39 and the lower concave
curve portion 31 are connected smoothly by a flat portion
F, a shape results which is indicated by a chain double-
dashed line in Fig. 6, and it becomes difficult to increase
the degree of concavity of the lower concave curve por-
tion 31.

[0048] On the other hand, when the lower flat portion
39 and the lower concave curve portion 31 are connected
by the lower convexly curved portion 41, the degree of
concavity of the lower concave curve portion 31 can be
increased as is seen by comparing a shape indicated by
a solid line with the shape indicated by the chain double-
dashed line in Fig. 6.

By increasing the degree of concavity in the upper con-
cave curve portions 27, 30 and the lower concave curve
portions 28, 31, the first pin 10 and the second pin 11
can be brought into abutment with their corresponding
flat portions 33, 34, 38, 39 in an ensured fashion. By
doing so, abnormal noise produced when the turning be-
tween the links 2 is restricted is reduced in an ensured
fashion. In addition, by increasing the degree of concav-
ity, the reduction in weight of each link 2 is attained in an
ensured fashion.

[0049] Furthermore, in this embodiment, wear of the
first and second pins 10, 11 can be reduced which would
otherwise be caused by insufficient lubrication by allow-
ing a lubricant to stay at the concave curve portions 27,
28, 30, 31 through providing the concave curve portions
27, 28, 30, 31 at the pillar portion 9 of each link 2.

Fig. 7 is a sectional view of a main part of a chain 101
according to a different embodiment of the invention. In
addition, Fig. 8 shows plan views of a short-pitch link
102a and a long-pitch link 102b which make up the chain
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101 according to the different embodiment of the inven-
tion. In Fig. 8 (a) shows a plan view of the short-pitch link
102a which has a relatively short connecting pitch P, and
(b) shows a plan view of the long-pitch link 102b which
has a relatively long connecting pitch P. The short-pitch
link 102a shown in Fig. 8(a) is such as to be used as the
link 2 in the aforesaid embodiment. Consequently, in this
embodiment, the long-pitch link 102b will be described
in detail. In addition, in Figs. 7 and 8, like reference nu-
merals to those used in Figs. 1 to 6 will be given to con-
stituent portions which are like to the respective portions
shown in Figs. 1 to 6, and the description thereof will be
omitted.

[0050] Referring to Figs. 7 and 8, the chain 101 ac-
cording to this embodiment differs from the chain 1 of the
previous embodimentin that the long-pitch link 102b hav-
ing the relatively long connecting pitch P and the short-
pitch link 102 having the relatively short connecting pitch
P are used as links which make up the chain 101.

As is shown in Fig. 8, the long-pitch link 102b is, for ex-
ample, a plate-like member which is made of a steel plate
and which has generally the same shape as that of the
short-pitch link 102a. Namely, the long-pitch link 102b
differs from the short-pitch link 102a only in the shape of
a pillar portion 109, and the long-pitch link 102b is iden-
tical to the short-pitch link 102ain the other portions. With
respect to a height direction (a vertical direction V) of the
pillar portion 109, four concave curve portions 127, 128,
130, 131 are provided at both end portions of the pillar
portion 109 of the long-pitch link 102b and two projecting
portions 126, 129 are provided at a central portion there-
of.

[0051] In addition, as is shown in Fig. 7, short-pitch
links 102a and long-pitch links 102b are individually
aligned side by side in a chain width direction W to thereby
form rows. Links in the same row are made up of the links
of the same type (short-pitch links 102 or long-pitch links
102b).

Rows made up of the short-link pitches 102a and rows
made up of the long-pitch links 102b are disposed at ran-
dom to be aligned in a chain traveling direction X. For
example, rows made up of the short-link pitches 102a
and rows made up of the long-pitch links 102b are dis-
posed to be aligned alternately in the chain traveling di-
rection X. Links lying adjacent in the chain traveling di-
rection are connected together by a connecting member
3 so as to turn relative to each other. By doing so, the
chain 101 having an endless shape is made up.

[0052] Asisshownin Fig. 8(b), the long-pitch link 102b
includes a front end portion 4 and a rear end portion 5
which are aligned front and rear in the chain traveling
direction X and an intermediate portion 6 which is dis-
posed between the front end portion 4 and the rear end
portion 5. A front through hole 7 is formed in the front end
portion 4, and a rear through hole 8 is formed in the rear
end portion 5. In addition, the intermediate portion 6 has
the pillar portion 109 which separates the front through
hole 7 from the rear through hole 8. The pillar portion 9
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has a predetermined thickness in the chain traveling di-
rection X.

[0053] InFig.8, asisseenfromacomparison between
a diagram shown at (a) and a diagram shown at (b), with
respect to the height direction of the pillar portion 109,
thicknesses of the long-pitch link 102b at respective
heights are made larger than thicknesses of a pillar por-
tion 9 of the short-pitch link 102a at corresponding
heights.

The pillar portion 109 of the long-pitch link 102b includes
one side portion 124 which constitutes a side portion on
a front through hole 7 side and the other side portion 125
which constitutes a side portion on a rear through hole 8
side. The one side portion 124 includes the projecting
portion 126 which projects towards the front through hole
7 side at the central portion with respect to the height
direction of the pillar portion 109 and an upper concave
curve portion 127 and a lower concave curve portion 128
which function as a pair of concave curve portions which
is disposed so as to hold the projecting portion 126 ther-
ebetween with respect to the height direction of the pillar
portion 109.

[0054] The upper concave curve portion 127 has, for
example, an arc-like shape which is determined by a ra-
dius of curvature R5 and a predetermined center angle,
and a curvature center thereofis disposed within the front
through hole 7. In addition, the lower concave curve por-
tion 128 has, for example, an arc-like shape which is
determined by a radius of curvature R6 and a predeter-
mined center angle, and a curvature center thereof is
disposed within the front through hole 7.

In addition, although not shown, an upper flat portion 33
and a lower flat portion 34 are provided at the projecting
portion 126 for restricting an overshoot of the chain 101.
Similarly, although not shown, the upper flat portion 34
and the upper concave curve portion 127 are connected
by an upper convexly curved portion 35, and the lower
flat portion 34 and the lower concave curve portion 128
are connected by a lower convexly curved portion 36.
[0055] On the other hand, the other side portion 125
has a generally symmetrical shape with the one side por-
tion 124. Namely, the other side portion 125 includes the
projecting portion 129 which projects towards the rear
through hole 8 side at the central portion with respect to
the height direction of the pillar portion 109 and an upper
concave curve portion 130 and a lower concave curve
portion 131 which function as a pair of concave curve
portions which is disposed so as to hold the projecting
portion 129 therebetween with respect to the height di-
rection of the pillar portion 109.

The upper concave curve portion 130 has, for example,
an arc-like shape which is determined by a radius of cur-
vature R7 and a predetermined center angle, and a cur-
vature center thereof is disposed within the rear through
hole 8. In addition, the lower concave curve portion 131
has, for example, an arc-like shape which is determined
by a radius of curvature R8 and a predetermined center
angle, and a curvature center thereof is disposed within
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the rear through hole 8.

[0056] Although not shown, an upper flat portion 38
and a lower flat portion 39 are provided at the projecting
portion 129 for restricting an overshoot of the chain 101.
Similarly, although not shown, the upper flat portion 38
and the upper concave curve portion 130 are connected
by an upper convexly curved portion 40, and the lower
flat portion 34 and the lower concave curve portion 131
are connected by a lower convexly curved portion 41.
[0057] The radii of curvature R5, R7 of the upper con-
cave curve portions 127, 130 and the radii of curvature
R6, R8 of the lower concave curve portions 128, 131 are
setto a smallest value of a range of values which ensures
a lower limit of a strength required for the pillar portion
109. Namely, degrees of concavity of the upper concave
curve portions 127, 130 and degrees of concavity of the
lower concave curve portions 128, 131 are setto alargest
value within a range of values which ensures the lower
limit of the strength required for the pillar portion 109.
[0058] When comparing the radii of curvature R1 to
R8 in the corresponding positions of the short-pitch link
102a and the long-pitch link 102b (when comparing R1
with R5, R2 with R6, R3 with R7 and R4 with R8), the
radii of curvature of the concave curve portions in relation
to the long-pitch link 102b are made smaller than the radii
of curvature of the concave curve portions in relation to
the short-pitch link 102a to such an extent that the differ-
ence can be identified visually (relationships R1>Rb5,
R2>R6, R3>R7, R4>R8 are established).

[0059] Namely, since the thickness of the pillar portion
109 of the long-pitch link 102b is made larger than the
thickness of the pillar portion 9 of the short-pitch link 102a,
the strength of the pillar portion 109 of the long-pitch link
102b is higher than that of the pillar portion 109 of the
short-pitch link 102a, as a result of which even in the
event that the radii of curvature of the concave curve
portions in relation to the long-pitch link 102b are made
smaller than the radii of curvature of the concave curve
portions in relation to the short-pitch link, the pillar portion
109 of the long-pitch link 2 is allowed to have a lower limit
of the strength required therefor.

[0060] The weight of each long-pitch link 102 is re-
duced by providing the concave curve portions 127, 128,
130, 131 at the pillar portion 109 of the long-pitch link
102b. By doing so, a reduction in weight of the chain 101
is attained. In addition, since the radii of curvature of the
concave curve portions in relation to the long-pitch line
102b are made smaller than the radii of curvature of the
concave curve portions in relation to the short-pitch link
102a, the weight of the long-pitch link 102b is made lighter
than the weight of the short-pitch link 102a.

[0061] In addition, in this embodiment, since the radii
of curvature of the concave curve portions in relation to
the long-pitch link 102b are made shorter than the radii
of curvature of the concave curve portions in relation to
the short-pitch link 102a to such an extent that the differ-
ence can be identified visually, the long-pitch link 102b
can visually be discriminated from the short-pitch link
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102a based on the difference in size between the long-
pitch link 102b and the short-pitch link 102a. By this, for
example, an erroneous assemblage can be prevented in
which the short-pitch link 102a is disposed in a position
where the long-pitch link 102b is to be disposed.
[0062] Thus, the embodiments of the invention have
been described heretofore, the invention is not limited to
the respective embodiments. Namely, various alterations
in design can be made within a range of matters that are
described in claims of the invention.

Industrial Applicability

[0063] According to the invention, the power transmis-
sion chain can be provided which can reduce abnormal
noise.

Claims

1. A power transmission chain comprising a plurality of
links and a plurality of connecting members for con-
necting the links so that the links turn relative to each
other, wherein
each connecting member includes a first power
transmission member having pulley engaging power
transmission portions at a pair of end portions, re-
spectively, and a second power transmission mem-
ber which makes a pair with the first power transmis-
sion member,
each link includes first and second through holes
which are aligned in a chain traveling direction,

a first power transmission member is fitted so that a
relative movement is enabled while a second power
transmission member is fitted so that a relative
movement is restricted in the first through hole,

a first power transmission member is fitted so that a
relative movementis restricted while asecond power
transmission member is fitted so that a relative
movement is enabled in the second through hole,
each of a pair of side portions of a pillar portion which
separates the first and second through holes from
each other in each link includes a projecting portion
which projects towards the corresponding through
hole side at a central portion in a height direction of
the pillar portion and a pair of concave curve portions
which is disposed so as to hold therebetween the
projecting portion with respect to the height direction
of the pillar portion, and

a flat portion is formed on each of a pair of inclined
surfaces which hold therebetween an apex portion
of the projecting portion on each side portion of the
pillar portion so as to be brought into abutment with
a corresponding surface of the corresponding power
transmission member when a turning angle between
the links is restricted, the flat portion and the concave
curve portion being connected by a convexly curved
portion.
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10

2,

A power transmission chain as set forth in Claim 1,
wherein

the plurality of links include a long-pitch link having
a relatively long connecting pitch and a short-pitch
link having a relatively short connecting pitch, and
radii of curvature of concave curve portions of a pillar
portion of the long-pitch link are made smaller than
radii of curvature of concave curve portions of a pillar
portion of the short-pitch link.
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FIG. 6
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